The alkene-rich petrol fraction from refinery fluid catalytic cracking (FCC) has been characterized by GC and GC-MS. 
Introduction
Alkenes give rise to photooxidants in rapid atmospheric reactions which differ considerably even between different isomers [1] . Major anthropogenic emissions of volatile alkenes are due to petrol-fuelled vehicles [2] . Speciated deterrninations of alkenes are therefore of interest not only in air pollution studies but also in refinery, fuel and motor technology [3, 4] .
In contrast to the combustion-formed short-chain alkenes, the C S -C 7 alkenes in exhaust emissions from vehicles are mainly unburnt fuel components [2] . They originate predominantly from the light FCC naphtha fraction of the petrol [3] . Most studies of alkenes in fuels [3] , emissions [2] , and urban air [5] have been limited to Cs and lower alkenes, because of the large number and isomeric complexity of C 6 and higher alkenes. In previous reports, the pentenes [6] and the 17 isomeric acyclic hexenes [7] were studied in petrol vapour. The analysis of a FCC naphtha permits the acquisition of more comprehensive alkene data of chromatographic, environmental as well as technical relevance.
Experimental
Light FCC naphtha, produced from de sulphurized vacuum gas oil, was obtained from the Scanraff refinery in Lysekil;
Sweden. The naphtha contained hydrocarbons in the boiling point range 20-140 QC. At the refinery it is used as a major component in the production of commercial petrol.
The methyl silicone GC data refer to a DB-1 stationary phase on a 50 m x 0.32 mm Ld. fused silica open tubular column (J&W) with a thick (1 Jlm) phase layer. The linear temperature increase was 2 QC min-1 from -20 QC. The aluminium oxide GC data were obtained for an AI 2 0 3 /5% KCI phase on a 50 m x 0.32 mm Ld. fused silica PLOT column (Chrompack). The linear temperature increase was 2 QC min-1 from 100 QC after a rapid initial temperature increase. Helium was used as carrier gas with a linear gas velocity of the order of 20 cm s-l.
The FCC naphtha was analysed as both liquid samples and as gaseous samples taken with a syringe above the liquid phase.
Adsorbent sampling in a vessel with completely evaporated naphtha, followed by thermal desorption and gas chromatography, was also used to obtain data for the alumina column. Similar techniques were previously used for the analysis of petrol vapour hydrocarbons [6] including hexenes [7] , on the same column but with different temperature programs. Quantitative GC data were obtained with flame ionization detection without corrections for response differences between the hydrocarbons. particularly between different refineries [3] . The proportions between isomers are more uniform, as previously discussed for hexenes [7] .
In Table n , results are given for all pentenes and hexenes, and for all heptenes constituting more than 0.1 % of the total C S -C 7 alkenes. All acyclic C S -C 7 alkenes are within the boiling point range 20-100 cC. As expected, the proportions in the gas phase differ from those in the liquid phase according to volatility as reflected by the boiling points. Unbranched isomers and isomers which are methyl-branched at the double bond predominate among the non-cyclic alkenes. The most prominent single isomers are the 2-methyl-2-alkenes. Among the C 6 -C 7 cycloalkenes, the most prominent isomers are branched at the double bond.
Retention data
Relative retentions for linear temperature-programmed analysis are given in Table II A linear temperature increase starting from a low temperature was chosen for both the methylsilicone and the alumina columns to give MU values of wide applicability. As a result, the MU difference between an alkene and the next higher homologous alkene is near to 1.0 which may facilitate and confirm identifications.
The alkene isomers in Table II have The I-alkenes are rather more strongly retained than the corresponding 2-and 3-alkenes. These MU shifts cause the retention order of isomeric alkenes to be quite different from that on the methyl silicone phase. The effects of branching at the non-olefinic carbon atoms are similar for both stationary phases, however.
Gas chromatography and mass spectrometry
The chromatograms given in Figure 1 illustrate the usefulness of GC-MS for the separation and identification of alkenes in FCC naphtha. Hexanes and hexenes appear in the same chromatographic range on the non-polar column. The mlz 67 ion chromatogram specifically records the three methylcyclopentenes, although they are all unresolved from other prominent hydrocarbons. The co-elution of I-methylcyclopentene with benzene on methyl silicone columns may easily be overlooked, although this danger has been emphasized for standardized determinations of benzene [10] . A previous comparable GC-MS study of hexenes demonstrates the performance of the alumina column [7] .
For structural identifications, the mass spectra of the reported C S -C 7 alkenes were compared with reference spectra and interpreted with respect to mass spectrometric fragmentation.
Observed peaks considered to be of particular value for structural assignments are indicated in Table IT by * The composition is given as percent of the sum of the 63 alkenes. Uncertain data are marked by an asterisk. Boiling point data are given according to the TRC (Thermodynamics Center, Texas) Thermodynamic Tables. Additional dimethylcyclopentene isomers sum up to 0.5 %. The two most prominent CB alkenes were found to be 1,2,3-trimethylcycJopentene and 1,2,4-trimethyJcycJopentene, each amounting to 1 % of total C S -C 7 alkenes in the liquid phase. 
